Introduction
Adequate feeding and nutrition can improve the effectiveness of Highly Active Antiretroviral Therapy (HAART), which is applied to patients with Acquired Immunodeficiency Syndrome (AIDS). It increases patient adhesion to treatment and helps control metabolic dysfunctions caused by medication. Nutritional interventions can be included in any programs for AIDS control and treatment (World Health Organization, 2003a ).
In the 1990s, HAART increased the expectancy and quality of life of AIDS patients. However, although morbidity and mortality caused by opportunistic infections and neoplastic diseases decreased, other diseases have emerged, such as lipodystrophy, which involves complex endocrine-metabolic changes (Hadigan et al., 2001 ).
Some of the metabolic dysfunctions associated with lipodystrophy are increase in serum lipid levels, glucose intolerance, peripheral insulin resistance, and diabetes mellitus (Collins et al., 2000) . In such cases, nutritional therapy with adequate inclusion of functional foods can improve the metabolic health of patients.
Given the potential of functional foods to reduce the risks of Chronic Non-Communicable Diseases (NCD), a number of studies have investigated the beneficial effects of their phytochemicals and bioactive components (Gamarano & Fraige Filho, 2004) . The physiological modulation of these foods includes hypocholesterolemic effects and the capacity to reduce the risk of atherosclerosis, stimulate the immunological system, and promote hypoglycemia (Gomes, 2002) .
The adoption of healthy eating habits such as the inclusion of functional foods in daily meals requires behavioral changes. However, this is an important step in reducing the incidence of chronic-degenerative diseases. In this respect, it is the responsibility of health professionals to investigate the efficiency of functional foods and assist people in using these products for self-care (Basho & Bin, 2010) .
The consumption of functional foods that are available and affordable to consumers can be optimized (Prasad, 2007) if they are mixed with a bioactive food blend (BFB). This is exemplified by hypocholesterolemic and hypoglycemic ingredients such as brown flaxseed, oat bran, and textured soy protein (TSP).
Because of its bioactive compounds (Yuan et al., 1999) , flaxseed (Linum usitatissimum) exhibits antiatherogenic and antithrombogenic effects (Prasad, 2007) decreasing the levels of Low Density Lipoproteins (LDL) and increasing those of High Density Lipoproteins (HDL). Fresh or toasted flaxseed and flaxseed oil show biological activity lowering glucose and triglyceride and cholesterol levels (Marques et al., 2011) . This seed is a good source of polyunsaturated fatty acids (PUFA), especially α-linolenic acid (ALA, C18:3n-3, ω-3) and linoleic acid, in lower amounts (AL, C18:2n-6, ω-6) (United States Departament of Agriculture, 2008) . Flaxseed also contains other components with important body activities such as soluble and method. Carbohydrate levels were calculated by the difference: 100% -(moisture+ash+total lipid+protein+food fiber).
Fatty acid composition
Fatty acid composition was determined in the fat fraction of the BFB. To that end, after BFB oil was extracted according to Bligh & Dyer (1959) , it was saponified, esterified and transferred to hexane, as proposed by Hartman & Lago (1973) and modified by Maia & Rodriguez-Amaya (1993) . Fatty acid methyl esters were analyzed using a Shimadzu GC-2010 chromatograph with AOC-5000 autoinjector and flame ionization detector (FID). A Restek Stabilwax-DA fused-silica bonded-phase column (30m × 0.25mm; 0.25 µm) was used, with both injector and FID operating at 250 °C. Initial oven temperature was maintained at 80 °C for 3 min, raised to 140 °C at a rate of 10 °C/min, and then to 240 °C at 5 °C/min, for 11 min. The peaks of sample methyl ester identified by retention time on the column were compared to standard fatty acid methyl esters. The area correction factor was used for fatty acid quantification (Maia & RodriguezAmaya, 1993; Holland et al., 1994) .
Nutritional quality index
Nutritional quality, based on BFB fatty acid composition, was assessed by 5 different indexes. The atherogenic index (AI) (Equation 1) and the thrombogenic index (IT) (Equation 2) considered the levels of monounsaturated fatty acids (MUFA), according to Ulbricht & Southgate (1991) . The hypocholesterolemic: hypercholesterolemic ratio (HH) (Equation 3) was calculated according to Santos-Silva et al. (2002) . The other indexes determined were PUFA:SFA (polyunsaturated:saturated fatty acid) and ω6:ω3 ratios. 
Microbiological analyses
Microbiological analyses were carried out to detect the presence of Bacillus cereus, Salmonella sp and Coliforms at 45 °C in the raw materials and final products. These analyses are recommended by Resolution-RDC no. 12 of January 2, 2001, established by the National Agency of Sanitary Surveillance (ANVISA) of the Ministry of Health (Brasil, 2001) , which regulates the processing of flours, pasta, and bakery products (for industrialization and packing) in bar and other forms, with or without additives.
The tests were conducted according to the methods proposed by the American Public Health Association, which is described in the Compendium of Methods for the Microbiological Examination of Foods (Vanderzant & Splittstoesser, 1992) . insoluble fibers and lignans (Cupersmid et al., 2012) . Omega-3 fatty acids have protective effect against cardiovascular disease lowering plasma triglycerides (TG) by decreasing hepatic synthesis of VLDL-cholesterol (Falco et al., 2012) .
Oat bran also contains high fiber content, mostly soluble fibers, which account for 50% of its composition; these fibers reduce LDL levels by increasing cholesterol absorption in the blood stream (Silva et al., 2003) .
Soybean, in turn, (Glycine max L) is a legume that can be consumed in different forms, including textured soy. When regularly included in diet, it is associated to atherosclerosis prevention because it contains isoflavones and phytoestrogens, which act directly on serum lipids that participate in thrombus formation. Owing to its fiber content, soybean also plays an antioxidant role because it regulates bile acid activity related to sequestration of serum lipids (Anthony et al., 1996) . Moreover, soybean fibers regulate glycemic status by delaying glucose absorption (Amaral, 2006) .
The present study evaluated the chemical, microbiological, and sensory characteristics of a bioactive food blend, composed of functional ingredients developed to enhance the nutritional therapy of individuals with HIV/AIDS who developed dyslipidemia and hyperglycemia as side-effects of antiretroviral therapy due to the higher metabolic changes.
Materials and methods

Preparation of the Bioactive Food Blend (BFB)
The bioactive food blend (BFB) was produced according to the good manufacturing practice system (GMP) (Brasil, 1997; São Paulo, 2012) . Ground flaxseed, oak bran, and textured soy protein were obtained from Natubom Alimentos Naturais  (Campo Grande, MS). For the production of the BFB (INPI -BR 10 2013 018002 5 -08/06/2013), the ingredients were mixed in the ratio of 1:2:1 and homogenized.
A total of 720 kg of food was handled and packed in 600 units weighing 1.2 kg, a 3-month supply of daily 40 g portions.
Six samples of raw materials and 20 units of the final product were randomly collected for physicochemical, microbiological, and sensory analyses.
Proximate composition
The proximate composition of the BFB was determined in triplicate, according to analytical methods adopted by the Adolfo Lutz Institute (Brasil, 2005) . For moisture determination, the samples were oven-dried to constant weight at 105 °C. Fixed mineral residue (ash) was determined by incineration in a muffle furnace at 550 °C, and total lipid by Soxhlet extraction in ethyl ether. Protein levels were assessed by total nitrogen content, according to the micro-Kjeldahl method using a nitrogen-to-crude protein conversion factor of 6.25. Fiber content was determined by the enzymatic-gravimetric protein, camu-camu, and chocolate, which contained 14.96% carbohydrate, 4.27% protein, 1.5% fat and 0.43% fiber.
Other studies have shown that the daily consumption of 3 to 15 g of soluble fiber, including guar, pectin, oat bran, and soy fiber, reduces blood cholesterol and glucose levels by 5-15% (Roy et al., 2000; Grizard et al., 2001 ). Table 2 shows the fatty acids composition of the BFB. PUFAs were the major constituents, totaling 60.41% of total fatty acids, in contrast to MUFAs and SFAs. Alpha-linolenic was the predominant fatty acid (30%), followed by linoleic acid (27%). These values result from flaxseed incorporation to BFB, given that it is rich in ω-3 and ω-6 PUFA (Guimarães et al., 2013) .
Fatty acid composition
Palmitic acid (C16:0) was the primary SFA acid (11%) and oleic acid the main MUFA (14%).
Sensory analysis
Acceptance tests were conducted at the Food Technology and Public Health Division of the Center of Biological Sciences and Health of the Federal University of Mato Grosso do Sul. One hundred untrained volunteers, male and female students and staff of UFMS, aged 18 to 60 years, took part in the study.
The BFB, prepared in three different forms (porridge, smoothie, and soup), was provided to the testers in individual portions (plastic cups). The testers also received water to drink between tests and were asked to fill out an evaluation card.
BFB acceptance was evaluated using a 9-point hedonic scale ranging from 1 (I dislike extremely) to 9 (I like extremely). Preparations that were given a score of at least 6 points (I liked slightly) were considered accepted. The testers also indicated their intention to purchase using a 5-point scale ranging from "I definitely would buy" to "I definitely would not buy" (Dutcosky, 2007) .
The acceptability index (AI) was calculated as shown in Equation 4.
where A is the mean score and B is the maximum score attributed to the product. AI ≥ 70% can be considered a satisfactory result (Monteiro, 1984; Dutcosky, 2007) .
The present study was approved by the UFMS Research Ethics Committee, under protocol number 1630 of October 20, 2009. All participants signed a Consent form.
Statistical analysis
Data were analyzed using Statistica Software 12 and oneway analysis of variance complemented by the Tukey test. The significance level was set at 0.05 (ANOVA).
Results and discussion
Proximate composition
The BFB contained high protein, fat, carbohydrate, and energy levels. Since BFB is a test formulation, specifically to help control metabolism dysfunctions in HIV/AIDS patients under HAART, the findings of this study cannot be accurately compared with those of other studies. However, the formulation proposed is close to that described for cereal bars.
The average proximate composition (% wet basis) of the cereal bar formulation studied by Freitas & Moretti (2006) was 15.31% protein, 74% carbohydrate, 4% total fiber, and 5.64% fat. In comparison, the BFB evaluated showed higher protein (24.27%), fat (13.37%), and fiber (7.98%) content and lower carbohydrate (50.39%) levels (Table 1) .
The cereal bar formulated by Estévez et al. (1995) , containing wheat germ, oat, and nuts, exhibited 16.5% protein and 3.3% fiber, values that are also lower than those found in the BFB. Lower nutrient levels were also detected in the cereal bar formulated by Peuckert et al. (2010) with textured soy Expressed in whole-foods; 2 Carbohydrate content was calculated by difference. Total energy value was estimated using the Atwater conversion factor (protein = 4 kcal.g -1 , carbohydrate = 4 kcal.g -1 and fats = 9 kcal.g -1 ). present study, the BFB exhibited an AI of 0.2 and TI of 0.13, demonstrating the high quality of the product tested.
Microbiological analyses
As shown in Table 4 , the results of the microbiological analyses of the raw materials and BFB met the requirements established by Brazilian legislation RDC 12/2001 of ANVISA (Brasil, 2001 ), except for flaxseed, which exhibited a Bacillus cereus count five times higher than the accepted levels. However, Granum & Lund (1997) reported that the count of viable B. cereus cells must exceed 10 5 CFU/g to cause diarrheic or emetic syndrome. Therefore, although the B. cereus count observed in the present study was above the limit established by legislation (Brasil, 2001) , it does not indicate toxin production. Nevertheless, it is important to qualify suppliers because a single contaminated item of raw material can affect the entire production can compromise the entire production due to toxins produced by fungi and bacteria. These toxins are hazardous, but they may be not detected in the final product because they are present in very small quantities compared to other components of the formulation.
Flaxseed contamination reinforces the importance of rigorous quality control of raw materials, especially regarding storage conditions, so that the product offered complies with current sanitary standards. Another aspect regarding quality relies on the importance of adopting GMP. In the present study, it was crucial for ensuring the production of a high quality BFB, suitable for human consumption.
Bacillus cereus is a facultative aerobic bacterium that produces spores and is commonly found in soil, plants, and in a number of crude and processed foods. It can produce toxins such as enterotoxins, and, as such, it needs to be controlled in the food processing chain to guarantee food safety and integrity. In a study on seven commercial brands of brown flaxseed marketed
The nutritional quality of the BFB oil assessed by different indexes is shown in Table 3 . In general, these indexes indicate a good fatty acid balance due to the addition of flaxseed to the product.
The PUFA/SFA ratio is one of the main parameters used to assess the nutritional quality of the lipid fraction of foods (Romero et al., 2013) . Nutritional guidelines recommend a PUFA/SFA ratio above 0.4 (World Health Organization, 2003b) . Nevertheless, other studies have shown that this ratio must be considered together with the ω6:ω3 ratio since beneficial effects of ω6 on health are produced only when the PUFA/SFA ratio is above 1.5. (Romero et al., 2013) .
Diets with high PUFA/SFA ratio are considered healthy because of their potential to decrease blood cholesterol. In the fat fraction extracted from the BFB, the ratio was 2.6, indicating that this food may promote hypocholesterolemia.
The ω6:ω3 ratio is used to evaluate the nutritional value of the lipid fraction of foods; to prevent cardiovascular diseases, it is recommended that it be kept below 4.0 (United Kingdom, 1994; Williams, 2000) , and in the BFB tested, it was 1.05. Other studies reported ω6:ω3 ratio of 0.31 in flaxseed oil (Guimarães et al., 2013) , 8.07 in salamin (dry cured and fermented sausage) (Romero et al., 2013) , and 0.90-3.55 in seven freshwater fish species from the Brazilian Pantanal (Ramos Filho et al., 2010) .
Indexes based on the functional effects of different fatty acids, such as AI, TI, and HH, were evaluated because they allow better evaluation of the nutritional quality of food lipids. HH is an important index because it considers the effects of fatty acids on cholesterol metabolism. High values of this ratio are desirable, and they were higher in the BFB analyzed (6.11) than that obtained for other seed and fish oils (Table 3) . On the other hand, highly nutritional diets show low levels of AI and TI, which can be associated with the potential risk of developing cardiovascular diseases (Ulbricht & Southgate, 1991) . In the The microbiological analysis of raw material showed that, although textured soy protein and oat bran were in compliance with current legislation, the Bacillus cereus count in ground flaxseed exceeded the upper limit. Nevertheless, the final product was suitable for consumption. Monitoring the final product is therefore essential to prevent posing health risks to consumers, especially immunologically vulnerable individuals.
Sensory evaluation of the BFB produced indicates that it has good marketing potential. In addition, the acceptability index (AI) for the salty preparation (soup), was above 70%, which is considered a satisfactory level.
The BFB produced proved suitable for inclusion in the diets of HIV-positive patients. It can also be used as nutritional complement for health maintenance or to treat patients with other disorders such as hypercholesterolemia, hypertriglyceridemia, intolerance to glucose, and diabetes.
in Uberlândia-MG, Borges & Deborah (2011) did not detect a B. cereus count above the limit established by RDC 12/2001 (Brasil, 2001) . However, similar to the present study, Stelato et al. (2009) found that in the B. cereus count carried out in cereal bars, 5 samples were contaminated, and one non-light cereal bar exceeded the limit established by law.
Given that the viable Bacillus cereus cell count in ground flaxseed exceeded the acceptable limit and considering that the BFB tested was developed for people with HIV/AIDS, the participants in the study were instructed to cook this product. The BFB must be cooked, either in hot meals (such as soups, beans, meat sauces, and porridge) or before being added to cold preparations such as smoothies and yogurt. This procedure can reduce microbial and toxin load since Bacillus cereus toxins are thermolabile and can be easily inactivated by heating at 56° C for 10 min (Margosch et al., 2005) , and viable cells are destroyed if subjected to 62.5° C for 15 min (Drobniewski, 1993) . We underscore, however, that rigorous sanitary control of food production and storage conditions is indispensable because certain toxins are thermostable and need to be subjected to 121°C for 90 min to be inactivated (Silva et al., 2007) .
Bacillus cereus control through adequate refrigeration or heating (over 55 °C) is important to inhibit intense bacterial multiplication, especially in ready-to-eat foods. None of the products that are conducive to the proliferation of this pathogen must be kept between 15 ° and 60 °C for more than 2-3 h (Leitão et al., 1987; Batista & Venâncio, 2003) .
Sensory analysis
BFB acceptance was evaluated in 3 preparations (Table 5) . Soup was the most accepted, and as reported by the testers, its flavor was the main reason for purchasing and consuming the product (Lima et al., 2010; Barbosa & Coelho, 2008; Munhoz et al., 2014) . The acceptability index (AI) for BPBbased soup was 75%, indicating high marketing potential. Peuckert et al. (2010) found an AI above 70% for cereal bars added with textured soy protein and camu-camu (Myrciaria dubia). Similar to the results of the present study, Costa et al. (2005) found an AI of 78 % in bars with manioc residue.
Conclusion
The BFB developed shows high nutritional potential because it is rich in PUFA, especially α-linolenic acid. It exhibits low atherogenicity and thrombogenicity indexes, showing a potential contribution to the control of atherosclerotic diseases. The BFB evaluated also exhibited high protein and fiber content, reinforcing its nutritional value. 
